Abstract. In the present study, we explored the influence of cigarette smoking and alcohol drinking on gene expression level and related functions and pathways on the development of ischemic stroke (IS) disease. The gene expression profile of E-GEOD-22255 was obtained from 20 IS samples (7 patients without smoking or drinking history and 13 patients with smoking or drinking history) and 20 controls (9 normal controls without smoking or drinking history and 11 controls with smoking or drinking history). The correlation degree between gene expression and grouping were measured by significance analysis of microarray (SAM). Smoking or drinking-related DEGs were screened. GO functional and KEGG pathway enrichment analyses were processed. Based on the KEGG database, a pathway relationship network was constructed. DEGs in significant functions and pathways were inserted and regarded as key DEGs. Gene co-expression network was constructed based on the expression value of key genes. In total, 319 IS-related DEGs, which were induced by smoking and drinking, were screened and enriched in various functions and pathways, including inflammatory response, nuclear factor-κB (NF-κB) signaling pathway and influenza A. Pathway relationship network was constructed with 44 nodes and the hub node was the MAPK signaling pathway. After merging, 87 key DEGs were obtained. The gene co-expression network with 43 node edges was constructed and the hub node was prostaglandin-endoperoxide synthase 2. In IS patients, smoking and drinking may induce different expression of many genes, including PTGS2, TNFAIP3, ZFP36 and NFKBIZ. In addition, these genes participated in various pathways, such as inflammatory response.
Introduction
Ischemic stroke (IS) occurs due to a lack of blood flow to the brain, which is induced by various risk factors, including high blood pressure, tobacco smoking, alcohol drinking, obesity, high blood cholesterol and diabetes mellitus, and results in cell death and improper functioning of part of the brain (1, 2) . IS patients always have symptoms including inability to move or inconvenience on one side of the body (3) . Techniques, such as a neurological examination, CT scans, MRI scans and Doppler ultrasound, have been used for diagnosis and determining the type and causes of IS (4, 5) . Current studies found that blood tests and gene detection may help to find the potential causes of IS.
Many genes are closely associated with IS disease. For instance, phosphodiesterase 4D (PDE4D) participated in atherosclerosis, which is a primary pathological process for IS disease (6) . In addition, transfer of the Kallikrein gene was confirmed to inhibit apoptosis and promote glial cell migration, and then protect against IS (7). Liu et al (8) confirmed that polymorphisms of heat shock protein 70 may increase the risk of IS in smoking patients. In Caucasians and northern Han Chinese, the single-nucleotide polymorphisms of interleukin-1 (IL-1) and PDE4D were also confirmed to increase the IS risk (9) .
Especially in young women and adults, IS risk and cigarette smoking exhibited a strong dose-response relationship (10) . In addition, heavy and light-moderate drinking exerted different effects on IS (11) . Although cigarette smoking and alcohol drinking had a significant influence on IS, to the best of our knowledge, very little research has been done in the field of related molecule mechanisms. The biomarkers and related pathways of IS disease have been investigated through bioinformatics analysis (12) . Based on this foundation, the aim of the present study was to focus on the special influence of cigarette smoking and alcohol drinking on gene expression in IS samples. Blood genomic expression profile was used to screen differentially expressed genes of IS specially induced by smoking and drinking history, and related functions and pathways were investigated. (14) . According to the information of the Affymetrix official website, these processed probe sets were annotated and included with the threshold of >0.8 median NUSE <1.2 and >-0.25 median RLE <0.25. Thus, NUSE was the value of normalized unscaled standard errors, while RLE was the value of relative log expression. Significance analysis of microarray (SAM) was used to construct a d score for each gene to measure the correlation degree between of gene expression and grouping (15) . In this process, exchangeable factors were obtained by calculating the mean absolute deviation. The statistical value of each gene was calculated using the formula:
Thus, r i reflected the difference of genes in average level, and s i reflected overall change of samples.
Then, >1,000 permutations were applied to simulate of the distribution of d score. In this study, this method was used on samples to screen the two groups of DEGs: IS samples without smoking or drinking history compared with normal controls, IS samples with smoking or drinking history compared with controls with smoking or drinking history. Multiple test was used to calculate P-value of each gene.
To screen IS-related DEGs induced by smoking and drinking history, DEGs of samples with smoking or drinking history were deducted by DEGs of samples without smoking or drinking history based on the same gene symbols.
Functional and pathway enrichment analysis. Gene ontology (GO) analysis is a method used to select the significant functions of gene groups based on the GO database (16) , and the Kyoto Encyclopedia of Genes and Genomes (KEGG) database is a strong tool for biological metabolic analysis and metabolic network research (17) . In this study, these databases were used for functional and pathway enrichment analysis of smoking-or drinking-induced DEGs. To define the results more precisely, Fisher's exact test and multiple comparative test were used to calculate the P-value and FDR value, respectively. Construction of pathway relationship network. The KEGG database was also used to construct a pathway relationship network. This network was able to show the signal transduction relationship between significant pathways, and importantly, upstream and downstream signal pathways were also identified.
Construction of gene co-expression network.
Key DEGs induced by smoking and drinking history were obtained by inserting DEGs in significant functions and pathways. Based on the expression value of genes, the gene co-expression network was constructed and analyzed. Genes with mean connectedness of >1 were involved.
Results
DEGs screening. Compared with normal controls, 128 DEGs were screened in IS samples without smoking or drinking history. At the same time, 465 DEGs induced by smoking and drinking and other factors were obtained. DEGs specially induced by smoking and drinking were screened based on the same gene symbol, and 319 special DEGs were obtained.
Functional and pathway enrichment analysis. These special DEGs were enriched in different functions, including inflammatory response (FDR=2.39E-17), immune response (FDR=1.71E-12), apoptotic process (FDR=7.42E-12) and negative regulation of apoptotic process (FDR=3.91E-09) (Table I) . Simultaneously, these DEGs also participated in various pathways, such as nuclear factor-κB (NF-κB) signaling pathway (FDR=1.77E-12), influenza A (FDR=1.90E-11), legionellosis (FDR=5.96E-11) and NOD-like receptor signaling pathway (FDR=6.53E-11) (Table II) .
Construction of pathway relationship network.
The pathway relationship network with 44 nodes and 161 edges were constructed (Fig. 1) . In this network, the hub nodes were MAPK signaling pathway (degree=32), apoptosis (degree=27) and pathways in cancer (degree=23). Of note, pathways in cancer (out-degree=23, in-degree=0) and cytokine-cytokine receptor interaction (out-degree=0, in-degree=12) were the upstream and downstream pathway, respectively.
Construction of gene co-expression network.
The DEGs in GO terms and pathways were inserted and 87 key genes were obtained (Fig. 2) . According to the mean connectedness of these genes, the gene co-expression network was constructed with 43 nodes and 88 edges. The hub nodes were prostaglandin-endoperoxide synthase 2 (PTGS2, degree=11), TNF-α-induced protein 3 (TNFAIP3, degree=10), ZFP36 ring finger protein (ZFP36, degree=9) and NFKB inhibitor ζ (NFKBIZ, degree=9). Importantly, these four nodes were found to have positive relationships.
Discussion
Smoking and alcohol drinking were confirmed to be risk factors for IS. However, the causes of smoking and alcohol drinking induced IS are still unknown (11, 18) . In this study, various factors of IS except smoking and alcohol drinking were excluded. Importantly, several key DEGs were screened, including PTGS2, TNFAIP3, ZFP36 and NFKBIZ. PTGS2, an isozyme of prostaglandin-endoperoxide synthase (PTGS), was a critical enzyme in prostaglandin biosynthesis (19) . Kunze et al (5) confirmed that in the environment with smoking, ΔNp63 could bind to PTGS2 promoter, and further influence the process of inflammatory response. Moreover, a case control study showed that smoking and alcohol drinking induced substantial differences between esophageal squamous cell carcinoma samples and controls (20) . The overexpression of PTGS2 also played an important role in the pathogenesis of IS. In African-Americans with the variant of G-765C allele of PTGS2, IS was found with a significantly higher incidence rate (21) . As shown in this study, PTGS2 was enriched in various functions and pathways, including inflammatory response, negative regulation of cell proliferation, as well as the NF-κB and VEGF signaling pathways. Moreover, the NF-κB signaling pathway was confirmed to activate the synthesis of inducible PTGS2 in the brain (22) . Liu et al (23) found that electroacupuncture could target the NF-κB signaling pathway and inhibit inflammatory injury for IS. Thus, we inferred that PTGS2 is a potential biomarker for smoking-and drinking-induced IS disease by participating in inflammatory response and the NF-κB signaling pathway.
Furthermore, TNFAIP3 and PTGS2 were positively associated in this study. The expression of TNFAIPS was always induced by tumor necrosis factor. In 2010, Lodolce et al (24) confirmed that TNFAIP3 was a ubiquitin-modifying enzyme, and genetic polymorphisms of TNFAIP2 were also found to affect the autoimmunity regulation. Under inflammatory conditions, TNFAIP3 was a negative-feedback regulator of NF-κB activation (25) . Furthermore, TNFAIP was confirmed to be a negative regulatory of Toll-like receptor signaling pathway, which could lead to inflammatory effects (26) . Similarly in this study, TNFAIP3 was involved in inflammatory, innate immune response, NF-κB signaling pathway and NOD-like receptor signaling pathway.
ZFP36 was also screened with a higher degree in the gene co-expression network, and enriched in negative regulation of transcription from RNA polymerase II, response to stress and vasculogenesis. In a previous study (27) ZFP36 was found to be a critical gene for obesity-related metabolic complications by detecting the cholesterol level and omental adipose tissue ZFP36 mRNA levels. Furthermore, decreased regulation of the metabolic syndrome may significantly affect the prevalence of stroke and related disability (28) . As shown in a study by Kurl et al who conducted an exercise stress test, an increase in systolic blood pressure was independently associated with the risk of IS and other types of stroke (29) . In addition, the stress of acute ischemic cerebral insults may increase secretion of stress hyperglycemia, and further induce hyperglycemia following stroke (30) . Nicotine in cigarette was also confirmed to promote vasculogenesis by affecting endothelial progenitor cells (31) . Cerebral ischemic stroke could also be treated by stem cell transplantation and angiogenesis (32) .
NFKBIZ, another important key DEG, is a member of the ankyrin-repeat family, induced by lipopolysaccharide (33) . It is known to participate in inflammatory responses to lipopolysaccharide by interacting with NF-B proteins through ankyrin-repeat domains (34) . Similarly with the results in the present study, NFKBIZ was involved in inflammatory response, transcription, DNA-dependent, and transcriptional misregulation in cancer. As known, early inflammatory response may potentiate ischemic injury, whereas late response may induce contrary function in stroke. In acute experimental stroke, phosphatidylinositol-3-kinase inhibitors were found to suppress the activation of DNA-dependent protein kinases, which played a critical role in blood-brain barrier dysfunction (35) . Thus, NFKBIZ was inferred to be a key IS-related gene.
In conclusion, the screened DEGs, such as PTGS2, TNFAIP3, ZFP36 and NFKBIZ, are potential biomarkers of smoking-and drinking-induced IS disease, participating in various functions, such as inflammatory response. Thus, giving up alcohol and tobacco, and detecting the abovementioned biomarkers is of significance for IS prevention and treatment.
